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(54) FORMATTING DATA PACKETS FOR COMPRESSION

(57) Methods and apparatus are described for for-
matting a compressed data packet. The methods and
apparatus include identifying a first data string within a
data packet that was previously stored at a first memory
location in a compressor memory, and generating a first
pointer that references the first memory location in the
compressor memory. Further, these aspects optionally
include identifying a second data string within the data
packet that was not previously stored in the compressor
memory. Additionally, these aspects include creating a
compressed data packet by replacing the first data string
with the first pointer and copying the second data string,
and including an indicator corresponding to a number of
pointers in the data packet.
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Description

CLAIM OF PRIORITY

[0001] The present Application for Patent claims prior-
ity to U.S. Non-Provisional Application No. 14/312,468
entitled "FORMATTING DATA PACKETS FOR COM-
PRESSION" filed June 23, 2014, which claims priority to
U.S. Provisional Application No. 61/873,151 entitled "DA-
TA FORMAT FOR COMPRESSED PACKETS" filed
September 3, 2013, and assigned to the assignee hereof
and hereby expressly incorporated by reference.

BACKGROUND

[0002] Aspects of the present disclosure relate gener-
ally to telecommunication systems, and more particular-
ly, to an apparatus and method for a telecommunication
system for formatting data packets for compression,
thereby providing consistent service in a wireless com-
munication system.
[0003] Wireless and wire-line communication net-
works are widely deployed to provide various communi-
cation services such as telephony, video, data, messag-
ing, broadcasts, and so on. Such networks, which are
usually multiple access networks, support communica-
tions for multiple users by sharing the available network
resources. One example of such a network is the UMTS
Terrestrial Radio Access Network (UTRAN). The UTRAN
is the radio access network (RAN) defined as a part of
the Universal Mobile Telecommunications System
(UMTS), a third generation (3G) mobile phone technol-
ogy supported by the 3rd Generation Partnership Project
(3GPP). The UMTS, which is the successor to Global
System for Mobile Communications (GSM) technologies,
currently supports various air interface standards, such
as Wideband-Code Division Multiple Access (W-CDMA),
Time Division-Code Division Multiple Access (TD-CD-
MA), and Time Division-Synchronous Code Division Mul-
tiple Access (TD-SCDMA). The UMTS also supports en-
hanced 3G data communications protocols, such as High
Speed Packet Access (HSPA), which provides higher
data transfer speeds and capacity to associated UMTS
networks.
[0004] In some multimode devices, packet data traffic
between a mobile user equipment (UE) and a corre-
sponding access network may not always be encoded in
a format that minimizes the transmission packet size.
Moreover, when a UE encodes the packet data to mini-
mize the transmission packet size, sometimes there may
be difficulty in the receiving device, or decompressor,
identifying compressed and uncompressed portions of
the transmitted data packet.
[0005] Thus, improvements in transmitting data pack-
ets within a wireless communication system are desired.

SUMMARY

[0006] The following presents a simplified summary of
one or more aspects in order to provide a basic under-
standing of such aspects. This summary is not an exten-
sive overview of all contemplated aspects, and is intend-
ed to neither identify key or critical elements of all aspects
nor delineate the scope of any or all aspects. Its sole
purpose is to present some concepts of one or more as-
pects in a simplified form as a prelude to the more detailed
description that is presented later.
[0007] In accordance with an aspect, a method of for-
matting a compressed data packet is described. The
method includes identifying a first data string within a
data packet that was previously stored at a first memory
location in a compressor memory, and generating a first
pointer that references the first memory location in the
compressor memory. Further, the method optionally in-
cludes identifying a second data string within the data
packet that was not previously stored in the compressor
memory. Additionally, the method includes creating a
compressed data packet by replacing the first data string
with the first pointer and copying the second data string,
and including an indicator corresponding to a number of
pointers in the data packet.
[0008] In another aspect, the apparatus are described
for formatting a compressed data packet is described.
The apparatus includes means for identifying a first data
string within a data packet that was previously stored at
a first memory location in a compressor memory, and
generating a first pointer that references the first memory
location in the compressor memory. Further, the appa-
ratus includes means for identifying a second data string
within the data packet that was not previously stored in
the compressor memory. Additionally, the apparatus in-
cludes means for creating a compressed data packet by
replacing the first data string with the first pointer and
copying the second data string, and including an indicator
corresponding to a number of pointers in the data packet.
[0009] In another aspect, an apparatus for formatting
compressed data packets for wireless communication
between a user equipment (UE) and a serving node is
described. The apparatus includes a compressor com-
ponent configured to identify a first data string within a
data packet that was previously stored at a first memory
location in a compressor memory. Further, the apparatus
includes a formatting component configured to generate
a first pointer that references the first memory location in
the compressor memory. Moreover, the compressor
component is further configured to create a compressed
data packet by replacing the first data string with the first
pointer, and including an indicator corresponding to a
number of pointers in the data packet.
[0010] In yet another aspect, a non-transitory compu-
ter-readable media executable by an apparatus for for-
matting compressed data packets for wireless commu-
nication between a user equipment (UE) and a serving
node is described. The computer-readable media in-
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cludes code for identifying a first data string within a data
packet that was previously stored at a first memory loca-
tion in a compressor memory. Further, the computer-
readable media includes code for generating a first point-
er that references the first memory location in the com-
pressor memory. Moreover, the computer-readable me-
dia includes code for creating a compressed data packet
by replacing the first data string with the first pointer, and
including an indicator corresponding to a number of point-
ers in the data packet.
[0011] To the accomplishment of the foregoing and re-
lated ends, the one or more aspects comprise the fea-
tures hereinafter fully described and particularly pointed
out in the claims. The following description and the an-
nexed drawings set forth in detail certain illustrative fea-
tures of the one or more aspects. These features are
indicative, however, of but a few of the various ways in
which the principles of various aspects may be employed,
and this description is intended to include all such aspects
and their equivalents.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]

FIG. 1 is a schematic diagram illustrating an example
wireless system of aspects of the present disclosure;
FIG. 2 is a schematic diagram illustrating exemplary
aspect of call processing in a wireless communica-
tion system;
FIG. 3 is a schematic diagram illustrating the func-
tionally and operation of compression and decom-
pression components in a wireless communication
system;
FIG. 4 is a schematic diagram illustrating the func-
tionally and operation of alternative compression
and decompression components in a wireless com-
munication system
FIG. 5 is a flow diagram illustrating an exemplary
method for call processing in a wireless communi-
cation system;
FIGs. 6A and 6B are conceptual diagrams illustrating
aspects of the present disclosure;
FIG. 7 is a block diagram illustrating additional ex-
ample components of an aspect of a computer de-
vice having a call processing component according
to the present disclosure;
FIG. 8 is a block diagram conceptually illustrating an
example of a telecommunications system including
a UE configured to perform the functions described
herein;
FIG. 9 is a conceptual diagram illustrating an exam-
ple of an access network for use with a UE configured
to perform the functions described herein;
FIG. 10 is a conceptual diagram illustrating an ex-
ample of a radio protocol architecture for the user
and control planes for a base station and/or a UE
configured to perform the functions described here-

in;
FIG. 11 is a block diagram conceptually illustrating
an example of a Node B in communication with a UE
in a telecommunications system configured to per-
form the functions described herein.

DETAILED DESCRIPTION

[0013] The detailed description set forth below in con-
nection with the appended drawings is intended as a de-
scription of various configurations and is not intended to
represent the only configurations in which the concepts
described herein may be practiced. The detailed descrip-
tion includes specific details for the purpose of providing
a thorough understanding of various concepts. However,
it will be apparent to those skilled in the art that these
concepts may be practiced without these specific details.
In some instances, well known components are shown
in block diagram form in order to avoid obscuring such
concepts. In an aspect, the term "component" as used
herein may be one of the parts that make up a system,
may be hardware or software, and may be divided into
other components.
[0014] The present aspects generally relate to effi-
ciently formatting data packets for compression. Gener-
ally, data packets may be compressed by replacing one
or more known or duplicate pieces of data, such as, for
example, a particular string of data bytes, or data string,
with pointer information. For example, a pointer is a type
of data having a value that refers directly to (or "points
to") another value stored elsewhere in some sort of mem-
ory (or data store). The pointer may include or may ref-
erence a particular address that helps identify where in
the memory the referenced data is stored. Therefore, less
time and space may be required to use a pointer (e.g.,
an address) in a data packet rather than including the
actual data (e.g., entire string of bytes) to which the point-
er refers.
[0015] However, when a data packet is read, it may
not be instantly clear whether the data included therein
is an actual value (e.g., data or "literal" data) or pointer
information (e.g., a reference to stored data). As such,
pointer information may be encoded in such a way that
when it is read, the pointer information may not be mis-
taken for data (e.g., literal bytes) but, rather, is recognized
as a pointer. Efficiently performing such encoding may
be desirable to further compress data packets and/or re-
duce the amount of time it takes for uncompressed data
packets to be compressed and/or for compressed data
packets to be decompressed and read.
[0016] Accordingly, in some aspects, the present
methods and apparatuses may provide an efficient so-
lution, as compared to current solutions, by formatting
compressed data packets to indicate a number of point-
ers contained in the compressed data packet, and to
structure the information provided by a pointer in a certain
manner, one or both of which may improve de-compres-
sor efficiency in differentiating between pointer informa-
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tion and literal data and/or improve efficiency and/or re-
liability in re-generation of the original (uncompressed)
data packet. Thus, the present apparatus and methods
may generally improve efficiency of a decompressor to
correctly decompress a compressed data packet.
[0017] Referring to Fig. 1, in one aspect, a wireless
communication system 100 is configured to facilitate
transmitting a vast amount of data from a mobile device
to a network at a fast data transfer rate by using an effi-
cient format for compressed data packets. Wireless com-
munication system 100 includes at least one UE 114 that
may communicate wirelessly with one or more network
112 via serving nodes, including, but not limited to, wire-
less serving node 116 over one or more wireless link 125.
The one or more wireless link 125, may include, but are
not limited to, signaling radio bearers and/or data radio
bearers. Wireless serving node 116 may be configured
to transmit one or more signals 123 to UE 114 over the
one or more wireless link 125, and/or UE 114 may trans-
mit one or more signals 124 to wireless serving node
116. In an aspect, signal 123 and signal 124 may include,
but are not limited to, one or more messages, such as
transmitting a data from the UE 114 to network 112 via
wireless serving node 116.
[0018] In an aspect, UE 114 may include a call process-
ing component 140, which may be configured to transmit
data to the wireless serving node 116 over wireless link
125. Specifically, in an aspect, call processing compo-
nent 140 of UE 114 may be configured for receiving a
transmission data packet 102, detecting a duplicate
string of bytes in the transmission data packet, and re-
placing the duplicate string of bytes of the transmission
data packet with pointer information according to a format
described herein to generate a compressed data packet
104. In other words, call processing component 140 op-
erates to compress the original transmission data packet
102 to reduce its size, and to provide a reliable and effi-
cient format for distinguishing pointer information and lit-
eral data in the compressed data packet 104. Subse-
quently, call processing component 140 operates to
transmit compressed data packet 104, such as in signal
124 sent to wireless serving node 116 and/or network
112 via wireless link 125. Similarly, in an alternative or
additional aspect, the above noted functionally of call
processing component 140 may be included in network
112, as represented by call processing component 150.
[0019] In an aspect, for example, call processing com-
ponent 140 operates to identify duplicate data strings 106
and 108 in transmission data packet 102 and generates
compressed data packet 104 that removes the duplicate
data and replaces it with corresponding pointer informa-
tion 113 and 115 as well as an indicator 111 correspond-
ing to the number of pointers in compressed data packet
104. Further, indicator 111 may identify that pointer in-
formation 113 and 115 are data references and that data
strings 106, 108, and 110 are literal data. For example,
in an aspect, call processing component 140 operates
to format compressed data packet 104 such that indicator

111 is positioned at the beginning of compressed data
packet 104, followed by pointer information 113 and 115,
and then followed by the literal, non-repeated data, e.g.,
data strings 106, 108, and 110 in this case. Moreover,
pointer information 113 and 115 may have a particular
format and size, and may include a first set of bits corre-
sponding to an arrangement position of the first data
string when the compressed data packet is decom-
pressed, a second set of bits corresponding to the first
memory location where the first data string was previ-
ously stored, and a third set of bits corresponding to a
number of bytes to be retrieved from the first memory
location, e.g., the bytes corresponding to the duplicate
data. As such, a receiving device and/or a de-compressor
component receiving compressed data packet 104 may
quickly and efficiently parse indicator 111 to identify a
location of pointer information 113 and 115 relative to
literal data, e.g., data strings 106, 108, and 110 in this
case. Thus, receiving device and/or de-compressor com-
ponent may efficiently determine what pointer informa-
tion needs to be parsed, and may then efficiently recon-
struct the original transmission data packet 102.
[0020] In the present aspects, UE 114 may comprise
a mobile apparatus and may be referred to as such
throughout the present disclosure. Such a mobile appa-
ratus or UE 114 may also be referred to by those skilled
in the art as a mobile station, a subscriber station, a mo-
bile unit, a subscriber unit, a wireless unit, a remote unit,
a mobile device, a wireless device, a wireless communi-
cations device, a remote device, a mobile subscriber sta-
tion, an access terminal, a mobile terminal, a wireless
terminal, a remote terminal, a handset, a terminal, a user
agent, a mobile client, a client, or some other suitable
terminology.
[0021] Additionally, the one or more wireless nodes,
including, but not limited to, wireless serving node 116
of wireless communication system 100, may include one
or more of any type of network component, such as an
access point, including a base station or node B, a relay,
a peer-to-peer device, an authentication, authorization
and accounting (AAA) server, a mobile switching center
(MSC), a radio network controller (RNC), etc. In a further
aspect, the one or more wireless serving nodes of wire-
less communication system 100 may include one or more
small base stations, such as, but not limited to a femtocell,
picocell, microcell, or any other base station, access point
or cell having a substantially smaller transmit power or
coverage area than a macro base station or cell.
[0022] Referring to Fig. 2, one aspect of call processing
component 140 of UE 114, and similarly of call process-
ing component 150 of wireless serving node 116 and/or
network 112, may include a number of subcomponents
for carrying out the functions described herein.
[0023] For example, call processing component 140
may be configured, among other things, to include a
TX/RX component 142 configured to transmit and re-
ceive transmission data packets. For instance, TX/RX
component 142 may be capable of transmitting and/or
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receiving data to/from network 112 via wireless serving
node 116 over link 125.
[0024] The call processing component 140 may also
be configured to include a compressor component 144
capable of reducing a size of transmission data packet
102, e.g., generating corresponding compressed data
packet 104, such as by pattern encoding and entropy
encoding. For example, compressor component 144
may be configured for compressing the data transmitted
to network 112 via wireless serving node 116 over link
125.
[0025] The call processing component 140 may also
be configured to include a de-compressor component
146 capable of receiving a compressed data packet and
re-forming an original, uncompressed data packet, such
as by pattern decoding and entropy decoding. For exam-
ple, de-compressor component 146 may be configured
for de-compressing the data received from network 112
via wireless serving node 116 over link 125.
[0026] Additionally, the call processing component 140
may also be configured to include a formatting compo-
nent 148 operable to configure compressed data packet
104 from transmission data packet 102 such that com-
pressed data packet 104 is structured in a manner to
make decoding more efficient and/or reliable. For exam-
ple, formatting component 148 may be operable to iden-
tify a number of pointers, e.g., by counting the number
of pointer information such as pointer information 113
and pointer information 115, included within compressed
data packet 104 and to configure compressed data pack-
et 104 to include indicator 111 identifying the number of
pointers. Further, for example, formatting component
148 may be operable to structure or arrange the infor-
mation included in pointer information, e.g., pointer infor-
mation 113 and pointer information 115, to have a par-
ticular format and size. For instance, formatting compo-
nent 148 may arrange pointer information to include a
first set of bits corresponding to an arrangement position
of the duplicate data string within the data packet when
the compressed data packet is decompressed, a second
set of bits corresponding to the memory location where
the duplicate data string was previously stored, and a
third set of bits corresponding to a number of bytes to be
retrieved from the memory location, e.g., the bytes cor-
responding to the duplicate data. Additionally, formatting
component 148 may be operable to structure or arrange
indicator 111 and pointer information, e.g., pointer infor-
mation 113 and pointer information 115, within com-
pressed data packet 104 in a manner that may increase
efficiency and/or reliability in performing de-compres-
sion. For instance, formatting component 148 may be
operable to position indicator 111 at the beginning of
compressed data packet 104 so that a de-compressor
component may quickly identify the number of pointer
information that should be parsed. Further, for instance,
formatting component 148 may be operable to position
the pointer information, e.g., pointer information 113 and
pointer information 115, subsequent to indicator 111 so

that the pointer information can be efficiently parsed and
the literal data within compressed data packet 104 can
be quickly and/or reliably identified. Although illustrated
as a separate component, it should be noted that format-
ting component 148 may be included within compressor
component 144.
[0027] Similarly, in an alternative or additional aspect,
the above noted functionally of call processing compo-
nent 140 may be included in wireless serving node 116
and/or network 112, as represented by call processing
component 150. For example, but not limited hereto, call
processing component 150 may be hardware mounted
within wireless serving node 116 and/or network 112,
software or computer readable media and/or firmware
stored within a memory or processor of wireless serving
node 116 and/or network 112, or any combination there-
of.
[0028] In an aspect, call processing component 150
may be configured to include TX/RX component 152, a
compressor component 154, a de-compressor compo-
nent 156, and a formatting component 158, respectively
having similar capabilities as TX/RX component 142, a
compressor component 144, a de-compressor compo-
nent 146, and a formatting component 148 of call
processing component 140 of UE 114.
[0029] Thus, the present apparatus and methods in-
clude a UE-based, and/or network based, call processing
component capable of compressing and decompressing
received transmission data packets in order to minimize
transmission data packet size, and further capable of for-
matting compressed data packets to indicate a number
of pointers contained in the compressed data packet, and
to structure the information provided by a pointer in a
certain manner, one or both of which may improve de-
compressor efficiency in differentiating between pointer
information and literal data and/or improve efficiency
and/or reliability in re-generation of the original (uncom-
pressed) data packet.
[0030] Fig. 3 is a schematic diagram 200 further illus-
trating the functionality and operation of an aspect of the
compressor component 144 of UE 114 and the de-com-
pressor component 156 of network 112 and/or wireless
serving node 116. It should be noted de-compressor
component 146 of UE 114 may operate in a similar man-
ner as de-compressor component 156, and that com-
pressor component 154 of network 112 and/or wireless
serving node 116 may operate in a similar manner as
compressor component 144. Generally, call processing
component 140 may be configured to transmit transmis-
sion data packet 102 as a compressed transmission data
packet 104 from UE 114 to network 112 after being routed
through compressor component 144. Transmission data
packet 102 includes or may be carried by signal 124
transmitted from UE 114 to network 112 over wireless
link 125, and which may include a header portion and a
payload portion having data for transmission.
[0031] Once network 112 receives the compressed
transmission data packet 104 from UE 114, call process-
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ing component 150, is configured to route the com-
pressed transmission data packet 104 through de-com-
pressor component 156, resulting in decompressed
transmission data packet, e.g., the original transmission
data packet 102. The decompressed transmission data
packet 102 may then be utilized by network 112 accord-
ing to the information located within in the decompressed
transmission data packet 102.
[0032] It should be noted that the process of compress-
ing and decompressing is represented by the arrows be-
tween UE 114 and network 112 of Fig. 3. It should be
noted, however, that the direction of transmitting the com-
pressed transmission data packet 104 may be configured
to occur from UE 114 to the network 112, as discussed
above, and/or from network 112 to UE 114. If the direction
of transmitting the compressed transmission data packet
104 occurs from network 112 to UE 114, the components
described in Fig. 3 will have corresponding components
for compression at network 112, as represented by com-
pressor component 154 (Fig. 2), and decompression at
UE 114, as represented by de-compressor 146 (Fig. 2).
[0033] In an aspect, compressor component 144 of UE
114 may include a pattern encoding component 252 and
an entropy encoding component 255 and a UE-based
memory 232. Both the pattern encoding component 252
and the entropy encoding component 255 are capable
of encoding transmission data packets sent to the com-
pressor component 144.
[0034] The pattern encoding component 252 may also
be configured to include a detecting component 253 and
a location pointer component 254. The detecting com-
ponent 253 is capable of detecting a string of bytes in
the transmission data packet that matches a string of
bytes that have already been saved in UE-based memory
232, e.g., a duplicate data string. In addition, the location
pointer component 254 is capable of replacing the string
of bytes of the transmission data packet that has been
determined to match the string of bytes saved in the UE-
based memory 232 with pointer information 262. Pointer
information 262 may have a particular format and size,
and may include a first set of bits corresponding to an
arrangement position of the duplicate data string when
the compressed data packet is decompressed, a second
set of bits corresponding to a memory location where the
duplicate data string was previously stored, and a third
set of bits corresponding to a number of bytes to be re-
trieved from the memory location, e.g., the bytes corre-
sponding to the duplicate data. Further, it should be noted
that compressor component 144 may generate more
than one set of pointer information 262 when more than
one set of duplicate data strings are detected. For in-
stance, pointer information 262 may be the same as lo-
cation pointer 113 or location pointer 115 discussed
above with respect to Fig. 1.
[0035] In other words, in an aspect, the goal of pattern
encoding component 252 is to detect strings of bytes in
the current packet being compressed that match bytes
previously processed and stored in the UE-based mem-

ory 232. Upon detecting such a match, this particular byte
pattern may be replaced by pointer information 262,
thereby referencing the location of data in UE-based
memory 232 that was determined as a match. Any re-
maining, e.g., original or non-duplicate, data strings with-
in transmission data packet 102 may be referred to as
literal bytes 264. Literal-bytes 264 may be defined as the
bytes remaining in the transmission data packet 102 after
the location pointer component 254 has replaced some
of the bytes in the transmission data packet 102 with
pointer information 262. As such, this operation replaces
large strings of bytes with fewer ones, so the output from
pattern encoding component 252 then only includes ei-
ther a set of literal-bytes 264 (bytes of the transmission
packet not replaced by pointer information 262, e.g., lit-
eral bytes such as data strings 106, 108, and 110 as
discussed above with respect to Fig. 1) or pointer infor-
mation 262, e.g., pointer 113 and pointer 115 as dis-
cussed above with respect to Fig. 1, referencing where
duplicate data in the UE-based memory 232 may be
found.
[0036] In an aspect, after the transmission data packet
102 is encoded by the pattern encoding component 252,
the output from pattern encoding component 252 may
be routed to the entropy encoding component 255. The
entropy encoding component 255 may be configured to
assign entropy coding bit strings to both the set of literal-
bytes 264 remaining in the transmission data packet 102
and to the pointer information 262 in order to generate a
compressed transmission data packet 104.
[0037] In an aspect, entropy encoding component 255
is configured to assign bit strings to both the set of literal-
bytes 264 remaining in the transmission data packet 102
after pattern encoding and to pointer information 262 in
order to generate a packet with small overall bit length
(e.g., a small number of bits). This allows for the literal-
bytes 264 and pointer information 262 to be uniquely re-
covered from the output bit string. Assigning bit strings
to the set of literal-bytes 264 and location pointer 262
may be performed by an algorithm, such as Huffman cod-
ing and Adaptive Arithmetic Coding. Furthermore, the
assignment may be based on pre-configured static map-
ping between the literal-bytes/ pointers and bit strings.
[0038] In an aspect, entropy coding may create and
assign a unique prefix-code to each unique symbol that
occurs in the input. The entropy encoding component
255 may then compress data by replacing each fixed-
length input symbol with a corresponding variable-length
prefix-free output codeword. For example, entropy en-
coding component 255 may assign a unique prefix-code
to both literal-bytes 264 and pointer information 262 and
may replace each fixed code corresponding variable-
length prefix-free output codeword to generate com-
pressed data packet 104 with a relatively small overall
bit length, e.g., as compared to original transmission data
packet 102.
[0039] Once the transmission data packet 102 is com-
pressed by the compressor component 144, the resulting
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compressed transmission data packet 104 may be sent
to the de-compressor component 156 of network 112 or
wireless serving node 116. In correspondence with com-
pressor component 144, the de-compressor component
156 may be configured to include an entropy decoding
component 256 and a pattern decoding component 257.
Pattern decoding component 257 may include a location
pointer scanning component 258 and a replacement
component 259.
[0040] In an aspect, for example, when the de-com-
pressor component 156 receives the compressed data
packet 104, the entropy decoding component 256 may
be configured to decode the entropy coding bit strings in
the compressed transmission packet 212 to generate the
set of literal-bytes 264 and pointer information 262. As
such, the entropy decoding component 256 performs the
inverse function of the entropy encoding function.
[0041] Further, the set of literal-bytes 264 and the
pointer information 262 may be then routed to the pattern
decoding component 257, where location pointer scan-
ning component 258 scans the pointer information 262
to determine which preset string of bytes saved in the
network-based memory 234 are to be used. In aspect,
pattern decoding component 257 operates in conjunction
with formatting component 158, which is aware of the
configuration applied to compressed data packet 104 by
formatting component 148, and thus the number and lo-
cation of pointer information 262 relative to literal bytes
264 may be quickly and reliably determined. As a result,
the replacement component 259 then replaces the point-
er information 262 with the preset string of bytes saved
in the network-based memory 234 to generate decom-
pressed transmission data packet 214, which may be
identical to transmission data packet 102 before com-
pression. In other words, the pattern decoding compo-
nent 257 scans indicator 111 and pointer information 262
from the output of the entropy decoding component 256
and replaces the pointer information 262 with the preset
string of bytes saved in the network-based memory 234
referred to by the pointer information 262.
[0042] Both the UE-based memory 232 and the net-
work-based memory 234 include an amount of memory
in which the payloads of the most recent packets in the
data flow are stored. After a transmission data packet
102 is compressed at the compressor component 144,
the uncompressed bits of the transmission data packet
are inserted in memory (UE-based memory 232). If there
is insufficient space in memory for this operation, then
the oldest bits are removed to create space.
[0043] After compressed transmission data packet 104
is decompressed at the de-compressor component 156,
the bits of the compressed transmission data packet 104
are inserted in memory (network-based memory 234). If
there is insufficient space in memory for this operation,
the oldest bits are removed to create space. In some
aspects, both the UE-based memory 232 and the net-
work-based memory 234 may be emptied for synchroni-
zation purposes.

[0044] Other aspects of this apparatus and methods
include performing compression operation only on a cer-
tain part of the transmission data packet. For example,
in some aspects, when operating on Transmission Con-
trol Protocol/Internet Protocol (TCP/IP) packets, the TCP
payload may be compressed using the above method,
while the header could be compressed using other tech-
niques such as Robust Header Compression (ROHC).
[0045] Still other aspects may be configured to allow
both the pattern-coding and entropy coding functions at
the compressor component 144/154 and the de-com-
pressor component 156/146 to be transparent, in that the
compressor component 144/154 and the de-compressor
component 156/ 146 do not perform any functional op-
eration on the input data. This allows for sending the orig-
inal packet uncompressed, for example, if the overhead
associated with compression is not acceptable. In other
words, the functions of the compressor component
144/154 and the de-compressor component 156/146
may be rendered inactive when overhead associated
with coding compression/decompression becomes un-
readable or unacceptable by UE-based memory 232 or
network based memory 234.
[0046] FIG. 4 is a schematic diagram focusing more
particularly on the functionality and operation of the re-
spective formatting component 148 of UE 114 and for-
matting component 158 of network 112. In this example,
call processing component 140 of UE 114 (Fig. 1) may
operate to compress a transmission data packet 102 to
form compressed transmission data packet 212, which
is sent to call processing component 150 of wireless serv-
ing node 116 or network 112 (Fig. 1).
[0047] Specifically, compressor component 144 may
be configured to identify a 1st data string 302 within trans-
mission data packet 102 that was previously stored at a
1st memory location (e.g., memory 232 in Fig. 3), e.g., a
duplicate data string. For example, compressor compo-
nent 144 may perform the identification via operation of
pattern encoding component 252 and/or detecting com-
ponent 253 discussed above with respect to Fig. 3. Fur-
ther, compressor component 144 may be configured to
generate a 1st pointer, e.g., pointer information 262, that
references the 1st memory location (e.g., in memory 232
in Fig. 3). In turn, compressor component 144 may be
configured to identify a 2nd data string 304 within trans-
mission data packet 102 that was not previously stored,
e.g., an original or non-duplicate data string, or literal
bytes 264. Consequently, compressor component 144
may be configured to create compressed transmission
data packet 104 by replacing the 1st data string 302 with
pointer information 262 and including a copy of the 2nd

data string 304.
[0048] Moreover, compressor component 144 may
communicate with or operate in conjunction with format-
ting component 148 to apply an efficient and/or reliable
format to compressed transmission data packet 104 in
order to prevent decompression errors. Specifically, in
an aspect, formatting component 148 may operate to
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count a number of pointer information 262 within com-
pressed transmission data packet 104 and generate in-
dicator 111 for inclusion in compressed transmission da-
ta packet 104. Indicator 111 provides an indication of a
count of the number of pointer information 262 within
compressed transmission data packet 104. In an aspect,
for example, indicator 111 may have a value that repre-
sents the number of pointer information 262 minus one.
Additionally, formatting component 148 may operate to
locate indicator 111 and the one or more pointer infor-
mation 262 in a particular manner within compressed
transmission data packet 104, e.g., relative to literal bytes
264. Further, formatting component 148 may operate to
format length and information-related characteristics of
indicator 111 and the one or more pointer information
262.
[0049] For example, formatting component 148 may
operate format determining component 310 to arrange
indicator 111 at the beginning of compressed transmis-
sion data packet 104, followed by one or more pointer
information 262, which may then be followed by the pay-
load data, e.g., literal bytes 264.
[0050] Also, for instance, formatting component 148
may operate format determining component 310 estab-
lish a length, e.g., a byte length, of indicator 11 and the
one or more pointer information 262, e.g., 1st pointer in
this example. For example, formatting component 148
may operate format determining component 310 to es-
tablish that indicator 111 has a 1 byte length, and that
1st pointer (e.g., pointer information 262) comprises a
four-byte length, in the compressed transmission data
packet 104. In an aspect, by establishing a length and
position of indicator 111 and the one or more pointer in-
formation 262 within compressed transmission data
packet 104, a de-compressor may quickly and reliably
identify a number and location of the one or more pointer
information 262, as well as quickly and reliably identify a
location of literal bytes 264 within compressed transmis-
sion data packet 104.
[0051] Further, with respect to pointer information 262,
formatting component 148 may operate format determin-
ing component 310 to set other specific formatting of the
1st pointer (e.g., pointer information 262). For example,
format determining component 310 may be configured
to include arrangement component 320 that may be con-
figured to include a 1st set of bits 322 within pointer in-
formation 262, where 1st set of bits 322 indicate an ar-
rangement or position of where the 1st data string 302
should be inserted within the data packet when the com-
pressed transmission data packet 104 is decompressed.
In an aspect, 1st data string 302 may be data from a
specific location within transmission data packet 102. As
such, 1st set of bits 322 of 1st pointer (e.g., pointer infor-
mation 262) may be used during decompression so that
1st data string 302 is copied back to its correct location
within the data packet. In some aspects, for example, 1st

set of bits 322 of pointer information 262 may comprise
11 bits, although other lengths of 1st set of bits 322 may

be utilized. Also, in an aspect, 1st set of bits 322 may be
positioned or located at the beginning of pointer informa-
tion 262.
[0052] Also, with respect to pointer information 262,
format determining component 310 may include location
component 330 that may be configured to establish a 2nd

set of bits 332 to indicate where the 1st data string 302
was previously stored, e.g., in the 1st memory location
of UE memory 232 (Fig. 3). In an aspect, the UE-based
memory 232 and the network-based memory 234 (Fig.
3) may be synchronized. As such, 2nd set of bits 332 of
pointer information 262 may indicate where the 1st data
string 302 is stored in network-based memory 234. In
some aspects, for example, 2nd set of bits 332 may com-
prise 13 bits, although other lengths of 2nd set of bits 332
may be utilized. Additionally, in an aspect, 2nd set of bits
332 may be positioned or located after 1st set of bits 322
within pointer information 262.
[0053] Additionally, with respect to pointer information
262, format determining component 310 may be config-
ured to include size component 340 to configure pointer
information 262 to identify the number of bytes that
should be copied. For example, size component 340 may
be configured to establish a 3rd set of bits 342 within
pointer information 262 that indicate a number of bytes
to be retrieved from the 1st memory location (e.g., mem-
ory 232 in Fig. 3). For instance, the size of the 1st data
string 302 may vary depending on the amount of data
within the data string that matches previously stored data.
So, 3rd set of bits 342 may identify how many bytes should
be retrieved from the memory location identified by 2nd

set of bits 332, such as during decompression of com-
pressed transmission data packet 104. In a particular as-
pect, 2nd set of bits 332 may point to the location within
the 2nd memory 234 of de-compressor component 156
(which is synchronized with 1st memory 232 of compres-
sor component 144 in Fig. 3) from which to start copying
data, and 3rd set of bits 342 may establish how much
data (starting from the location (or "point") indicated by
the 2nd set of bits 332) to copy. In some aspects, for
example, 3rd set of bits 342 may comprise 8 bits, although
other lengths of 3rd set of bits 342 may be utilized. Addi-
tionally, in an aspect, 3rd set of bits 342 may be positioned
or located after 2nd set of bits 332 (which are located after
1st set of bits 322) within pointer information 262.
[0054] As a result, 1st data string 302 may be efficiently
and reliably identified by 1st set of bits 322,2nd set of bits
332 and 3rd set of bits 342.
[0055] In some aspects, compressor component 144
may be configured to identify additional data strings with-
in the transmission data packet 102 that were previously
stored at additional memory locations with the memory
(e.g., memory 232 in Fig. 3). Compressor component
144 may generate one or more additional pointers (e.g.,
one or more additional pointer information 262 in Fig. 3)
for each of the additional data strings that reference a
corresponding additional memory location. Compressor
component 144 may replace the additional data strings
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with the additional pointers in the compressed data pack-
et, and increase the count of the number of pointers iden-
tified by indicator 111. As such, a compressed transmis-
sion data packet 104 may include indicator 111, a plurality
of pointer information 262 representing data strings that
were replaced, and any number of literal bytes 264 rep-
resenting data strings that were copied from the trans-
mission data packet 102. As such, indicator 111 and the
one or more pointer information 262 may be located, in
sequence, at the head of compressed transmission data
packet 104, while the copied data strings, e.g., literal-
bytes 264 in Fig. 3, are included at the end of the com-
pressed transmission data packet 104.
[0056] In another aspect, de-compressor component
156 of Fig. 4, located within call processing component
150 of network 112 or wireless serving node 116, may
be configured to receive a compressed transmission data
packet (via TX/RX component 152 in Fig. 2), such as
compressed data packet 104 formed by one of the op-
erations described above, and decompress the com-
pressed transmission data packet 104 to form a decom-
pressed transmission data packet, e.g., the original trans-
mission data packet 102.
[0057] In an aspect, call processing component 150
may also be configured to include formatting component
158, which correspond to and operates in cooperation
with formatting component 148. For example, formatting
component 158 may include format determining compo-
nent 360, arrangement component 370, location compo-
nent 380, and, size component 390. As such, de-com-
pressor component 156 and formatting component 158
and its subcomponents may be configured to operate in
an inverse manner, and in an inverse order, as compared
to the operation of compressor component 144 and for-
matting component 148.
[0058] For example, in an aspect, formatting compo-
nent 158 may be configured to include format determin-
ing component 360, which may be configured to deter-
mine the format that de-compressor component 156
should use when decompressing compressed transmis-
sion data packet 104. Specifically, format determining
component 360 may be configured to determine that the
1st pointer and each additional pointer (e.g., pointer in-
formation 262) comprise a four-byte pointer entry in the
compressed transmission data packet 104. Further, for-
matting component 158 may coordinate with de-com-
pressor component 156 in order to decompress the com-
pressed transmission data packet 104 by reading the bits
within pointer information 262.
[0059] For example, arrangement component 370 may
be configured to read the 1st set of bits 322 of each pointer
information 262 to determine how to arrange the 1st data
string 302 and the additional data strings (e.g., 2nd data
string 304) in the decompressed data packet. Location
component 380 may be configured to read the 2nd set of
bits 332 of each pointer information 262 to determine the
1st memory location and the additional memory locations
(e.g., memory 234 in Fig. 3) for the corresponding data.

Size component 390 may be configured to read a 3rd set
of bits 342 of each pointer information 262 to determine
a number of bytes to be retrieved from the 1st memory
location and the additional memory locations (e.g., mem-
ory 234 in Fig. 3). As a result, call processing component
150 may correctly de-compress compressed transmis-
sion data packet 104 by coordinating formatting compo-
nent 158 with de-compressor component 156.
[0060] Referring to Fig. 5, in operation, a UE such as
UE 114 (Fig. 2), or a network such as network 112 (Fig.
2) may perform a method 400 of an aspect for formatting
data packets for compression. While, for purposes of sim-
plicity of explanation, the methods herein are shown and
described as a series of acts, it is to be understood and
appreciated that the methods are not limited by the order
of acts, as some acts may, in accordance with one or
more aspects, occur in different orders and/or concur-
rently with other acts from that shown and described
herein. For example, it is to be appreciated that the meth-
ods could alternatively be represented as a series of in-
terrelated states or events, such as in a state diagram.
Moreover, not all illustrated acts may be required to im-
plement a method in accordance with one or more fea-
tures described herein.
[0061] In an aspect, at block 402, method 400 includes
identifying a 1st data string within a data packet that was
previously stored at a 1st memory location. For example,
as described herein, call processing component 140 may
execute compressor component 144 (Fig. 4) to identify
a 1st data string 302 within a transmission data packet
102 that was previously stored at a 1st memory location
(e.g., memory 232 in Fig. 3).
[0062] At block 404, method 400 includes generating
a 1st pointer that references the first memory location.
For example, as described herein, formatting component
148 may execute compressor component 144 (Fig. 4) to
generate a 1st pointer (e.g., pointer information 262 in
Fig. 3) that references the 1st memory location (e.g.,
memory 232, which is synchronized with memory 234,
in Fig. 3). In some instances, the 1st pointer may be for-
matted by formatting component 148 comprising format
determining component 310.
[0063] Specifically, format determining component
310 may be configured to include arrangement compo-
nent 320 which may be configured to establish a 1st set
of bits 322 corresponding to an arrangement configura-
tion of the 1st data string 302 when the compressed trans-
mission data packet 212 is decompressed. Further, for-
mat determining component 310 may also be configured
to include location component 330, which may be con-
figured to establish a 2nd set of bits 332 corresponding
to the 1st memory location (e.g., memory 232 in Fig. 3)
where the 1st data string 302 was previously stored. Ad-
ditionally, format determining component 310 may be
configured to include size component 340, which may be
configured to establish a 3rd set of bits 342 corresponding
to a number of bytes to be retrieved from the 1st memory
location (e.g., memory 232 in Fig. 3).
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[0064] Further at block 406, method 400 optionally in-
cludes identifying a 2nd data string within the data packet
that was not previously stored. For example, as de-
scribed herein, formatting component 148 may execute
compressor component 144 (Fig. 4) to identify a 2nd data
string 304 within the transmission data packet 102 that
was not previously stored.
[0065] Additionally, at block 408, method 400 includes
creating a compressed data packet by replacing the 1st

data string with the 1st pointer and copying the 2nd data
string, and including an indicator corresponding to a
number of pointers in the data packet. For example, as
described herein, call processing component 140 may
execute compressor component 144 (Fig. 4) to create a
compressed transmission data packet 104 by replacing
the 1st data string 302 with the 1st pointer (e.g., pointer
information 262 in Fig. 3) and copying the 2nd data string
304. For example, in an aspect, call processing compo-
nent 140 operates to format compressed data packet 104
such that indicator 111 is positioned at the beginning of
compressed data packet 104, followed by pointer infor-
mation 113 and 115, and then followed by the literal, non-
repeated data, e.g., data strings 106, 108, and 110 in this
case. Moreover, pointer information 113 and 115 may
have a particular format and size, and may include a first
set of bits corresponding to an arrangement position of
the first data string when the compressed data packet is
decompressed, a second set of bits corresponding to the
first memory location where the first data string was pre-
viously stored, and a third set of bits corresponding to a
number of bytes to be retrieved from the first memory
location, e.g., the bytes corresponding to the duplicate
data. As such, a receiving device and/or a de-compressor
component receiving compressed data packet 104 may
quickly and efficiently parse indicator 111 to identify a
location of pointer information 113 and 115 relative to
literal data, e.g., data strings 106, 108, and 110 in this
case.
[0066] Method 400 may optionally include, subsequent
to block 408, transmitting the compressed data packet
formatted as described herein.
[0067] FIGs. 6A and 6B are conceptual diagrams illus-
trating various aspects of a format of a transmission data
packet, such as transmission data packet 102, and a
compressed transmission data packet 104.
[0068] For example, in Fig. 6A, transmission data
packet 420, corresponding to transmission data packet
102, may comprise bytes 422, 424, 426, and 428. In some
instances, compressor component 144 (Fig. 3) may be
configured to identify that bytes 424 and 428 that match
data strings previously stored in a memory (e.g., memory
232 in Fig. 3). Further, compressor component 144 (Fig.
3) may identify bytes 422 and 426 as data strings that
were not previously stored in the memory (e.g., memory
262 in Fig. 3). As such, compressor component 144 (Fig.
3) may create a compressed transmission data packet
430, corresponding to compressed transmission data
packet 104, based on bytes 422,424,426, and 428.

[0069] In some instances, compressed transmission
data packet 430 may comprise a pointer indicator 432
(corresponding to pointer indicator 111), which, in some
instances, may represent the number of pointers includ-
ed in the compressed transmission data packet 104, or
some offset relative thereto, such as the number of point-
ers minus one. Moreover, pointer indicator 432 may be
located at the head of compressed transmission data
packet 430. Compressor component 144 may replace
bytes 424 and 428 with pointers 434 and 436 pertaining
to pointer information (e.g., pointer information 262). Ad-
ditionally, bytes 422 and 426 may be copied as literal
bytes 264 into compressed transmission data packet
430. In some aspects, the compressed portion of the
compressed transmission data packet 430 (e.g., pointer
indicator 432 and pointers 434 and 436) may have a
length 438. For example, length 438 may be five bytes
(e.g., one byte in length for pointer indicator 432, two
bytes each for pointers 434 and 436).
[0070] Fig. 6B illustrates the compressed transmission
data packet 430 in further detail. Specifically, pointer in-
dicator 432 may indicate that compressed transmission
data packet 430 comprises two pointers. As such, when
compressed transmission data packet 430 is de-com-
pressed, de-compressor component 156 (Fig. 3), may
identify pointers 434 and 436. Specifically, arrangement
component 320 (Fig. 4) may operate to configure 1st set
of bits 322 within pointer 434, where 1st set of bits 322
identify an arrangement or location of the bytes 424 within
the data packet in relation with bytes 422 and 426 when
the compressed transmission data packet 430 is decom-
pressed. Further, location component 330 may operate
to configure 2nd set of bits 332 within pointer 434, where
2nd set of bits 332 identify the 1st memory location (e.g.,
memory 232 or 234 in Fig. 3) where the bytes 424 were
previously stored. Additionally, size component 340 may
operate to configure 3rd set of bits 342 within pointer 434,
where 3rd set of bits 342 identify the number of bytes to
be retrieved from the 1st memory location (e.g., memory
232 or 234 in Fig. 3). Similarly, pointer 436 includes sim-
ilar formatting to identify an arrangement configuration
of the bytes 428 in relation with bytes 422 and 426 when
the compressed transmission data packet 430 is decom-
pressed.
[0071] Referring to Fig. 7, in one aspect, UE 114 of
Figs. 1 and/or 2 may be represented by a specially pro-
grammed or configured computer device 580 operable
within wireless communication system 100, wherein the
special programming or configuration includes call
processing component 140 as described herein. It should
be noted that for an implementation in network 112 or
wireless serving node 116, specially programmed or con-
figured computer device 580 may replace call processing
component 140 with call processing component 150. For
example, for implementation as UE 114 (Fig. 2), compu-
ter device 580 may include call processing component
140 for compressing transmission data packet 102 ac-
cording to the formatting described herein, and transmit-
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ting compressed data packet 104 from UE 114 to network
112 via wireless serving node 116. Call processing com-
ponents 140 and 150 may be specially programmed com-
puter readable instructions or code, firmware, hardware,
or some combination thereof.
[0072] Call processing components 140/150 may be
implemented by processor 582 operating in conjunction
with memory 584, communication component 586, data
store 588, and user interface 589. Computer device 580
includes a processor 582 for carrying out processing
functions associated with one or more of components
and functions described herein. Processor 582 can in-
clude a single or multiple set of processors or multi-core
processors. Moreover, processor 582 can be implement-
ed as an integrated processing system and/or a distrib-
uted processing system.
[0073] Computer device 580 further includes a mem-
ory 584, such as for storing data used herein and/or local
versions of applications being executed by processor
582. Memory 584 can include any type of memory usable
by a computer, such as random access memory (RAM),
read only memory (ROM), tapes, magnetic discs, optical
discs, volatile memory, non-volatile memory, and any
combination thereof.
[0074] Further, computer device 580 includes a com-
munications component 586 that provides for establish-
ing and maintaining communications with one or more
parties utilizing hardware, software, and services as de-
scribed herein. Further, Tx/Rx components 152/142 (Fig.
2) may be implemented by communication component
586 for transmitting and/or receiving data to/from network
112 via wireless serving node 116 over link 125. Com-
munications component 586 may carry communications
between components on computer device 580, as well
as between computer device 580 and external devices,
such as devices located across a communications net-
work and/or devices serially or locally connected to com-
puter device 580. For example, communications compo-
nent 586 may include one or more buses, and may further
include transmit chain components and receive chain
components associated with a transmitter and receiver,
respectively, or a transceiver, operable for interfacing
with external devices. For example, in an aspect, a re-
ceiver of communications component 586 operates to
receive one or more data via a wireless serving node
116, which may be a part of memory 584.
[0075] Additionally, computer device 580 may further
include a data store 588, which can be any suitable com-
bination of hardware and/or software, that provides for
mass storage of information, databases, and programs
employed in connection with aspects described herein.
For example, data store 588 may be a data repository
for applications not currently being executed by proces-
sor 582.
[0076] Computer device 580 may additionally include
a user interface component 589 operable to receive in-
puts from a user of computer device 580, and further
operable to generate outputs for presentation to the user.

User interface component 589 may include one or more
input devices, including but not limited to a keyboard, a
number pad, a mouse, a touch-sensitive display, a nav-
igation key, a function key, a microphone, a voice recog-
nition component, any other mechanism capable of re-
ceiving an input from a user, or any combination thereof.
Further, user interface component 589 may include one
or more output devices, including but not limited to a dis-
play, a speaker, a haptic feedback mechanism, a printer,
any other mechanism capable of presenting an output to
a user, or any combination thereof.
[0077] Furthermore, in an aspect, instead of including
call processing component 140/150, computer device
580 may be in communication with call processing com-
ponent 140/150, which may be configured to perform the
functions described herein.
[0078] Referring to Fig. 8, by way of example and with-
out limitation, the aspects of the present disclosure are
presented with reference to a UMTS system 800 employ-
ing a W-CDMA air interface. A UMTS network includes
three interacting domains: a Core Network (CN) 804, a
UMTS Terrestrial Radio Access Network (UTRAN) 802,
and User Equipment (UE) 810. UE 810 may be config-
ured to include, for example, the call processing compo-
nent 140/150 (Fig. 2) implementing the components de-
scribed above, such as, but not limited to Tx/Rx compo-
nent 142/152, compressor component 144/154, and de-
compressor component 146/156, as described above. In
this example, the UTRAN 802 provides various wireless
services including telephony, video, data, messaging,
broadcasts, and/or other services. The UTRAN 802 may
include a plurality of Radio Network Subsystems (RNSs)
such as an RNS 807, each controlled by a respective
Radio Network Controller (RNC) such as an RNC 806.
Here, the UTRAN 802 may include any number of RNCs
806 and RNSs 807 in addition to the RNCs 806 and RNSs
807 illustrated herein. The RNC 806 is an apparatus re-
sponsible for, among other things, assigning, reconfig-
uring and releasing radio resources within the RNS 807.
The RNC 806 may be interconnected to other RNCs (not
shown) in the UTRAN 802 through various types of in-
terfaces such as a direct physical connection, a virtual
network, or the like, using any suitable transport network.
[0079] Communication between a UE 810 and a Node
B 808 may be considered as including a physical (PHY)
layer and a medium access control (MAC) layer. Further,
communication between a UE 810 and an RNC 806 by
way of a respective Node B 808 may be considered as
including a radio resource control (RRC) layer. In the
instant specification, the PHY layer may be considered
layer 1; the MAC layer may be considered layer 2; and
the RRC layer may be considered layer 3.
[0080] The geographic region covered by the RNS 807
may be divided into a number of cells, with a radio trans-
ceiver apparatus serving each cell. A radio transceiver
apparatus is commonly referred to as a Node B in UMTS
applications, but may also be referred to by those skilled
in the art as a base station (BS), a base transceiver station
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(BTS), a radio base station, a radio transceiver, a trans-
ceiver function, a basic service set (BSS), an extended
service set (ESS), an access point (AP), or some other
suitable terminology. For clarity, three Node Bs 808 are
shown in each RNS 807; however, the RNSs 807 may
include any number of wireless Node Bs. The Node Bs
808 provide wireless access points to a CN 804 for any
number of mobile apparatuses. Examples of a mobile
apparatus include a cellular phone, a smart phone, a ses-
sion initiation protocol (SIP) phone, a laptop, a notebook,
a netbook, a smartbook, a personal digital assistant
(PDA), a satellite radio, a global positioning system
(GPS) device, a multimedia device, a video device, a
digital audio player (e.g., MP3 player), a camera, a game
console, a tablet, a wearable computing device (e.g., a
smartwatch, a health or fitness tracker, etc.), an appli-
ance, a sensor, a vending machine, or any other similar
functioning device. The UE 810 is commonly referred to
as a UE in UMTS applications, but may also be referred
to by those skilled in the art as a mobile station, a sub-
scriber station, a mobile unit, a subscriber unit, a wireless
unit, a remote unit, a mobile device, a wireless device, a
wireless communications device, a remote device, a mo-
bile subscriber station, an access terminal, a mobile ter-
minal, a wireless terminal, a remote terminal, a handset,
a terminal, a user agent, a mobile client, a client, or some
other suitable terminology. In a UMTS system, the UE
810 may further include a universal subscriber identity
module (USIM) 811, which contains a user’s subscription
information to a network. For illustrative purposes, one
UE 810 is shown in communication with a number of the
Node Bs 808. The DL, also called the forward link, refers
to the communication link from a Node B 808 to a UE
810, and the UL, also called the reverse link, refers to
the communication link from a UE 810 to a Node B 808.
[0081] The CN 804 interfaces with one or more access
networks, such as the UTRAN 802. As shown, the CN
804 is a GSM core network. However, as those skilled
in the art will recognize, the various concepts presented
throughout this disclosure may be implemented in a RAN,
or other suitable access network, to provide UEs with
access to types of CNs other than GSM networks.
[0082] The CN 804 includes a circuit-switched (CS)
domain and a packet-switched (PS) domain. Some of
the circuit-switched elements are a Mobile services
Switching Centre (MSC), a Visitor location register (VLR)
and a Gateway MSC. Packet-switched elements include
a Serving GPRS Support Node (SGSN) and a Gateway
GPRS Support Node (GGSN). Some network elements,
like EIR, HLR, VLR and AuC may be shared by both of
the circuit-switched and packet-switched domains. In the
illustrated example, the CN 804 supports circuit-switched
services with a MSC 812 and a GMSC 814. In some
applications, the GMSC 814 may be referred to as a me-
dia gateway (MGW). One or more RNCs, such as the
RNC 806, may be connected to the MSC 812. The MSC
812 is an apparatus that controls call setup, call routing,
and UE mobility functions. The MSC 812 also includes

a VLR that contains subscriber-related information for
the duration that a UE is in the coverage area of the MSC
812. The GMSC 814 provides a gateway through the
MSC 812 for the UE to access a circuit-switched network
816. The GMSC 814 includes a home location register
(HLR) 815 containing subscriber data, such as the data
reflecting the details of the services to which a particular
user has subscribed. The HLR is also associated with an
authentication center (AuC) that contains subscriber-
specific authentication data. When a call is received for
a particular UE, the GMSC 814 queries the HLR 815 to
determine the UE’s location and forwards the call to the
particular MSC serving that location.
[0083] The CN 804 also supports packet-data services
with a serving GPRS support node (SGSN) 818 and a
gateway GPRS support node (GGSN) 820. GPRS, which
stands for General Packet Radio Service, is designed to
provide packet-data services at speeds higher than those
available with standard circuit-switched data services.
The GGSN 820 provides a connection for the UTRAN
802 to a packet-based network 822. The packet-based
network 822 may be the Internet, a private data network,
or some other suitable packet-based network. The pri-
mary function of the GGSN 820 is to provide the UEs 810
with packet-based network connectivity. Data packets
may be transferred between the GGSN 820 and the UEs
810 through the SGSN 818, which performs primarily the
same functions in the packet-based domain as the MSC
812 performs in the circuit-switched domain.
[0084] An air interface for UMTS may utilize a spread
spectrum Direct-Sequence Code Division Multiple Ac-
cess (DS-CDMA) system. The spread spectrum DS-CD-
MA spreads user data through multiplication by a se-
quence of pseudorandom bits called chips. The "wide-
band" W-CDMA air interface for UMTS is based on such
direct sequence spread spectrum technology and addi-
tionally calls for a frequency division duplexing (FDD).
FDD uses a different carrier frequency for the UL and DL
between a Node B 808 and a UE 810. Another air inter-
face for UMTS that utilizes DS-CDMA, and uses time
division duplexing (TDD), is the TD-SCDMA air interface.
Those skilled in the art will recognize that although var-
ious examples described herein may refer to a W-CDMA
air interface, the underlying principles may be equally
applicable to a TD-SCDMA air interface.
[0085] An HSPA air interface includes a series of en-
hancements to the 3G/W-CDMA air interface, facilitating
greater throughput and reduced latency. Among other
modifications over prior releases, HSPA utilizes hybrid
automatic repeat request (HARQ), shared channel trans-
mission, and adaptive modulation and coding. The stand-
ards that define HSPA include HSDPA (high speed
downlink packet access) and HSUPA (high speed uplink
packet access, also referred to as enhanced uplink, or
EUL).
[0086] HSDPA utilizes as its transport channel the
high-speed downlink shared channel (HS-DSCH). The
HS-DSCH is implemented by three physical channels:
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the high-speed physical downlink shared channel (HS-
PDSCH), the high-speed shared control channel (HS-
SCCH), and the high-speed dedicated physical control
channel (HS-DPCCH).
[0087] Among these physical channels, the HS-
DPCCH carries the HARQ ACK/NACK signaling on the
uplink to indicate whether a corresponding packet trans-
mission was decoded successfully. That is, with respect
to the downlink, the UE 810 provides feedback to the
node B 808 over the HS-DPCCH to indicate whether it
correctly decoded a packet on the downlink.
[0088] HS-DPCCH further includes feedback signaling
from the UE 810 to assist the node B 808 in taking the
right decision in terms of modulation and coding scheme
and precoding weight selection, this feedback signaling
including the CQI and PCI.
[0089] "HSPA Evolved" or HSPA+ is an evolution of
the HSPA standard that includes MIMO and 64-QAM,
enabling increased throughput and higher performance.
That is, in an aspect of the disclosure, the node B 808
and/or the UE 810 may have multiple antennas support-
ing MIMO technology. The use of MIMO technology en-
ables the node B 808 to exploit the spatial domain to
support spatial multiplexing, beamforming, and transmit
diversity.
[0090] Multiple Input Multiple Output (MIMO) is a term
generally used to refer to multi-antenna technology, that
is, multiple transmit antennas (multiple inputs to the chan-
nel) and multiple receive antennas (multiple outputs from
the channel). MIMO systems generally enhance data
transmission performance, enabling diversity gains to re-
duce multipath fading and increase transmission quality,
and spatial multiplexing gains to increase data through-
put.
[0091] Spatial multiplexing may be used to transmit dif-
ferent streams of data simultaneously on the same fre-
quency. The data steams may be transmitted to a single
UE 810 to increase the data rate, or to multiple UEs 810
to increase the overall system capacity. This is achieved
by spatially precoding each data stream and then trans-
mitting each spatially precoded stream through a differ-
ent transmit antenna on the downlink. The spatially pre-
coded data streams arrive at the UE(s) 810 with different
spatial signatures, which enables each of the UE(s) 810
to recover the one or more the data streams destined for
that UE 810. On the uplink, each UE 810 may transmit
one or more spatially precoded data streams, which en-
ables the node B 808 to identify the source of each spa-
tially precoded data stream.
[0092] Spatial multiplexing may be used when channel
conditions are good. When channel conditions are less
favorable, beamforming may be used to focus the trans-
mission energy in one or more directions, or to improve
transmission based on characteristics of the channel.
This may be achieved by spatially precoding a data
stream for transmission through multiple antennas. To
achieve good coverage at the edges of the cell, a single
stream beamforming transmission may be used in com-

bination with transmit diversity.
[0093] Generally, for MIMO systems utilizing n transmit
antennas, n transport blocks may be transmitted simul-
taneously over the same carrier utilizing the same chan-
nelization code. Note that the different transport blocks
sent over the n transmit antennas may have the same or
different modulation and coding schemes from one an-
other.
[0094] On the other hand, Single Input Multiple Output
(SIMO) generally refers to a system utilizing a single
transmit antenna (a single input to the channel) and mul-
tiple receive antennas (multiple outputs from the chan-
nel). Thus, in a SIMO system, a single transport block is
sent over the respective carrier.
[0095] Referring to Fig. 9, an access network 900 in a
UTRAN architecture is illustrated. The multiple access
wireless communication system includes multiple cellu-
lar regions (cells), including cells 902, 904, and 906, each
of which may include one or more sectors. The multiple
sectors can be formed by groups of antennas with each
antenna responsible for communication with UEs in a
portion of the cell. For example, in cell 902, antenna
groups 912, 914, and 916 may each correspond to a
different sector. In cell 904, antenna groups 918, 920,
and 922 each correspond to a different sector. In cell
906, antenna groups 924, 926, and 928 each correspond
to a different sector. The cells 902, 904 and 906 may
include several wireless communication devices, e.g.,
User Equipment or UEs, which may be in communication
with one or more sectors of each cell 902, 904 or 906.
For example, UEs 930 and 932 may be in communication
with Node B 942, UEs 934 and 936 may be in commu-
nication with Node B 944, and UEs 938 and 940 can be
in communication with Node B 946. Here, each Node B
942, 944, 946 is configured to provide an access point
to a CN 804 (see Fig. 8) for all the UEs 930, 932, 934,
936, 938, 940 in the respective cells 902, 904, and 906.
Node Bs 942, 944, 946 and UEs 930, 932, 934, 936, 938,
940 respectively may be configured to include, for exam-
ple, the call processing component 140/150 (Fig. 2) im-
plementing the components described above, such as,
but not limited to Tx/Rx component 142/152, compressor
component 144/154, and de-compressor component
146/156, as described above.
[0096] As the UE 934 moves from the illustrated loca-
tion in cell 904 into cell 906, a serving cell change (SCC)
or handover may occur in which communication with the
UE 934 transitions from the cell 904, which may be re-
ferred to as the source cell, to cell 906, which may be
referred to as the target cell. Management of the hando-
ver procedure may take place at the UE 934, at the Node
Bs corresponding to the respective cells, at a radio net-
work controller 806 (see Fig. 8), or at another suitable
node in the wireless network. For example, during a call
with the source cell 904, or at any other time, the UE 934
may monitor various parameters of the source cell 904
as well as various parameters of neighboring cells such
as cells 906 and 902. Further, depending on the quality
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of these parameters, the UE 934 may maintain commu-
nication with one or more of the neighboring cells. During
this time, the UE 934 may maintain an Active Set, that
is, a list of cells that the UE 934 is simultaneously con-
nected to (i.e., the UTRA cells that are currently assigning
a downlink dedicated physical channel DPCH or fraction-
al downlink dedicated physical channel F-DPCH to the
UE 934 may constitute the Active Set).
[0097] The modulation and multiple access scheme
employed by the access network 900 may vary depend-
ing on the particular telecommunications standard being
deployed. By way of example, the standard may include
Evolution-Data Optimized (EV-DO) or Ultra Mobile
Broadband (UMB). EV-DO and UMB are air interface
standards promulgated by the 3rd Generation Partner-
ship Project 2 (3GPP2) as part of the CDMA2000 family
of standards and employs CDMA to provide broadband
Internet access to mobile stations. The standard may al-
ternately be Universal Terrestrial Radio Access (UTRA)
employing Wideband-CDMA (W-CDMA) and other vari-
ants of CDMA, such as TD-SCDMA; Global System for
Mobile Communications (GSM) employing TDMA; and
Evolved UTRA (E-UTRA), Ultra Mobile Broadband
(UMB), and Flash-OFDM employing OFDMA.
CDMA2000 and UMB are described in documents from
the 3GPP2 organization. The actual wireless communi-
cation standard and the multiple access technology em-
ployed will depend on the specific application and the
overall design constraints imposed on the system.
[0098] The radio protocol architecture may take on var-
ious forms depending on the particular application. An
example for an HSPA system will now be presented with
reference to Fig. 10.
[0099] Fig. 10 is a conceptual diagram illustrating an
example of the radio protocol architecture 1000 for the
user plane 1002 and the control plane 1004 of a user
equipment (UE) or node B/base station. For example,
architecture 1000 may be included in a network entity
and/or UE such as an entity within network 112 and/or
UE 114 (Fig. 1). The radio protocol architecture 1000 for
the UE and node B is shown with three layers: Layer 1
1006, Layer 2 1008, and Layer 3 1010. Layer 1 1006 is
the lowest lower and implements various physical layer
signal processing functions. As such, Layer 1 1006 in-
cludes the physical layer 1007. Layer 2 (L2 layer) 1008
is above the physical layer 1007 and is responsible for
the link between the UE and node B over the physical
layer 1007. Layer 3 (L3 layer) 1010 includes a radio re-
source control (RRC) sublayer 1015. The RRC sublayer
1015 handles the control plane signaling of Layer 3 be-
tween the UE and the UTRAN.
[0100] In the user plane, the L2 layer 1008 includes a
media access control (MAC) sublayer 1009, a radio link
control (RLC) sublayer 1011, and a packet data conver-
gence protocol (PDCP) 1013 sublayer, which are termi-
nated at the node B on the network side. Although not
shown, the UE may have several upper layers above the
L2 layer 1008 including a network layer (e.g., IP layer)

that is terminated at a PDN gateway on the network side,
and an application layer that is terminated at the other
end of the connection (e.g., far end UE, server, etc.).
[0101] The PDCP sublayer 1013 provides multiplexing
between different radio bearers and logical channels.
The PDCP sublayer 1013 also provides header compres-
sion for upper layer data packets to reduce radio trans-
mission overhead, security by ciphering the data packets,
and handover support for UEs between node Bs. The
RLC sublayer 1011 provides segmentation and reas-
sembly of upper layer data packets, retransmission of
lost data packets, and reordering of data packets to com-
pensate for out-of-order reception due to hybrid automat-
ic repeat request (HARQ). The MAC sublayer 1009 pro-
vides multiplexing between logical and transport chan-
nels. The MAC sublayer 1009 is also responsible for al-
locating the various radio resources (e.g., resource
blocks) in one cell among the UEs. The MAC sublayer
1009 is also responsible for HARQ operations.
[0102] Fig. 11 is a block diagram of a communication
system 1100 including a Node B 1110 in communication
with a UE 1150, where Node B 1110 may be an entity
within network 112 and the UE 1150 may be UE 114
according to the aspect described in Fig. 1. UE 1150 and
Node B 1110 may be configured to include, for example,
the call processing component 140/150 (Fig. 2) imple-
menting the components described above, such as, but
not limited to Tx/Rx component 142/152, compressor
component 144/154, and de-compressor component
146/156, as described above. In the downlink communi-
cation, a transmit processor 1120 may receive data from
a data source 1112 and control signals from a control-
ler/processor 1140. The transmit processor 1120 pro-
vides various signal processing functions for the data and
control signals, as well as reference signals (e.g., pilot
signals). For example, the transmit processor 1120 may
provide cyclic redundancy check (CRC) codes for error
detection, coding and interleaving to facilitate forward er-
ror correction (FEC), mapping to signal constellations
based on various modulation schemes (e.g., binary
phase-shift keying (BPSK), quadrature phase-shift key-
ing (QPSK), M-phase-shift keying (M-PSK), M-quadra-
ture amplitude modulation (M-QAM), and the like),
spreading with orthogonal variable spreading factors
(OVSF), and multiplying with scrambling codes to pro-
duce a series of symbols. Channel estimates from a
channel processor 1144 may be used by a control-
ler/processor 1140 to determine the coding, modulation,
spreading, and/or scrambling schemes for the transmit
processor 1120. These channel estimates may be de-
rived from a reference signal transmitted by the UE 1150
or from feedback from the UE 1150. The symbols gen-
erated by the transmit processor 1120 are provided to a
transmit frame processor 1130 to create a frame struc-
ture. The transmit frame processor 1130 creates this
frame structure by multiplexing the symbols with infor-
mation from the controller/processor 1140, resulting in a
series of frames. The frames are then provided to a trans-
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mitter 1132, which provides various signal conditioning
functions including amplifying, filtering, and modulating
the frames onto a carrier for downlink transmission over
the wireless medium through antenna 1134. The antenna
1134 may include one or more antennas, for example,
including beam steering bidirectional adaptive antenna
arrays or other similar beam technologies.
[0103] At the UE 1150, a receiver 1154 receives the
downlink transmission through an antenna 1152 and
processes the transmission to recover the information
modulated onto the carrier. The information recovered
by the receiver 1154 is provided to a receive frame proc-
essor 1160, which parses each frame, and provides in-
formation from the frames to a channel processor 1194
and the data, control, and reference signals to a receive
processor 1170. The receive processor 1170 then per-
forms the inverse of the processing performed by the
transmit processor 1120 in the Node B 1110. More spe-
cifically, the receive processor 1170 descrambles and
despreads the symbols, and then determines the most
likely signal constellation points transmitted by the Node
B 1110 based on the modulation scheme. These soft
decisions may be based on channel estimates computed
by the channel processor 1194. The soft decisions are
then decoded and deinterleaved to recover the data, con-
trol, and reference signals. The CRC codes are then
checked to determine whether the frames were success-
fully decoded. The data carried by the successfully de-
coded frames will then be provided to a data sink 1172,
which represents applications running in the UE 1150
and/or various user interfaces (e.g., display). Control sig-
nals carried by successfully decoded frames will be pro-
vided to a controller/processor 1190. When frames are
unsuccessfully decoded by the receiver processor 1170,
the controller/processor 1190 may also use an acknowl-
edgement (ACK) and/or negative acknowledgement
(NACK) protocol to support retransmission requests for
those frames.
[0104] In the uplink, data from a data source 1178 and
control signals from the controller/processor 1190 are
provided to a transmit processor 1180. The data source
1178 may represent applications running in the UE 1150
and various user interfaces (e.g., keyboard). Similar to
the functionality described in connection with the down-
link transmission by the Node B 1110, the transmit proc-
essor 1180 provides various signal processing functions
including CRC codes, coding and interleaving to facilitate
FEC, mapping to signal constellations, spreading with
OVSFs, and scrambling to produce a series of symbols.
Channel estimates, derived by the channel processor
1194 from a reference signal transmitted by the Node B
1110 or from feedback contained in the midamble trans-
mitted by the Node B 1110, may be used to select the
appropriate coding, modulation, spreading, and/or
scrambling schemes. The symbols produced by the
transmit processor 1180 will be provided to a transmit
frame processor 1182 to create a frame structure. The
transmit frame processor 1182 creates this frame struc-

ture by multiplexing the symbols with information from
the controller/processor 1190, resulting in a series of
frames. The frames are then provided to a transmitter
1156, which provides various signal conditioning func-
tions including amplification, filtering, and modulating the
frames onto a carrier for uplink transmission over the
wireless medium through the antenna 1152.
[0105] The uplink transmission is processed at the
Node B 1110 in a manner similar to that described in
connection with the receiver function at the UE 1150. A
receiver 1135 receives the uplink transmission through
the antenna 1134 and processes the transmission to re-
cover the information modulated onto the carrier. The
information recovered by the receiver 1135 is provided
to a receive frame processor 1136, which parses each
frame, and provides information from the frames to the
channel processor 1144 and the data, control, and ref-
erence signals to a receive processor 1138. The receive
processor 1138 performs the inverse of the processing
performed by the transmit processor 1180 in the UE
1150. The data and control signals carried by the suc-
cessfully decoded frames may then be provided to a data
sink 1139 and the controller/processor, respectively. If
some of the frames were unsuccessfully decoded by the
receive processor, the controller/processor 1140 may al-
so use an acknowledgement (ACK) and/or negative ac-
knowledgement (NACK) protocol to support retransmis-
sion requests for those frames.
[0106] The controller/processors 1140 and 1190 may
be used to direct the operation at the Node B 1110 and
the UE 1150, respectively. For example, the control-
ler/processors 1140 and 1190 may provide various func-
tions including timing, peripheral interfaces, voltage reg-
ulation, power management, and other control functions.
The computer readable media of memories 1142 and
1192 may store data and software for the Node B 1110
and the UE 1150, respectively. A scheduler/processor
1146 at the Node B1110 may be used to allocate resourc-
es to the UEs and schedule downlink and/or uplink trans-
missions for the UEs.
[0107] Several aspects of a telecommunications sys-
tem have been presented with reference to a W-CDMA
system. As those skilled in the art will readily appreciate,
various aspects described throughout this disclosure
may be extended to other telecommunication systems,
network architectures and communication standards.
[0108] By way of example, various aspects may be ex-
tended to other UMTS systems such as TD-SCDMA,
High Speed Downlink Packet Access (HSDPA), High
Speed Uplink Packet Access (HSUPA), High Speed
Packet Access Plus (HSPA+) and TD-CDMA. Various
aspects may also be extended to systems employing
Long Term Evolution (LTE) (in FDD, TDD, or both
modes), LTE-Advanced (LTE-A) (in FDD, TDD, or both
modes), CDMA2000, Evolution-Data Optimized (EV-
DO), Ultra Mobile Broadband (UMB), IEEE 802.11 (Wi-
Fi), IEEE 802.16 (WiMAX), IEEE 802.20, Ultra-Wide-
band (UWB), Bluetooth, and/or other suitable systems.
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The actual telecommunication standard, network archi-
tecture, and/or communication standard employed will
depend on the specific application and the overall design
constraints imposed on the system.
[0109] In accordance with various aspects of the dis-
closure, an element, or any portion of an element, or any
combination of elements may be implemented with a
"processing system" or processor (Figs. 5 or 12) that in-
cludes one or more processors. Examples of processors
include microprocessors, microcontrollers, digital signal
processors (DSPs), field programmable gate arrays (FP-
GAs), programmable logic devices (PLDs), state ma-
chines, gated logic, discrete hardware circuits, and other
suitable hardware configured to perform the various func-
tionality described throughout this disclosure. One or
more processors in the processing system may execute
software. Software shall be construed broadly to mean
instructions, instruction sets, code, code segments, pro-
gram code, programs, subprograms, software modules,
applications, software applications, software packages,
routines, subroutines, objects, executables, threads of
execution, procedures, functions, etc., whether referred
to as software, firmware, middleware, microcode, hard-
ware description language, or otherwise. The software
may reside on a computer-readable medium. The com-
puter-readable medium may be a non-transitory compu-
ter-readable medium. A non-transitory computer-reada-
ble medium includes, by way of example, a magnetic
storage device (e.g., hard disk, floppy disk, magnetic
strip), an optical disk (e.g., compact disk (CD), digital
versatile disk (DVD)), a smart card, a flash memory de-
vice (e.g., card, stick, key drive), random access memory
(RAM), read only memory (ROM), programmable ROM
(PROM), erasable PROM (EPROM), electrically erasa-
ble PROM (EEPROM), a register, a removable disk, and
any other suitable medium for storing software and/or
instructions that may be accessed and read by a com-
puter. The computer-readable medium may also include,
by way of example, a carrier wave, a transmission line,
and any other suitable medium for transmitting software
and/or instructions that may be accessed and read by a
computer. The computer-readable medium may be res-
ident in the processing system, external to the processing
system, or distributed across multiple entities including
the processing system. The computer-readable medium
may be embodied in a computer-program product. By
way of example, a computer-program product may in-
clude a computer-readable medium in packaging mate-
rials. Those skilled in the art will recognize how best to
implement the described functionality presented
throughout this disclosure depending on the particular
application and the overall design constraints imposed
on the overall system.
[0110] It is to be understood that the specific order or
hierarchy of steps in the methods disclosed is an illus-
tration of exemplary processes. Based upon design pref-
erences, it is understood that the specific order or hier-
archy of steps in the methods may be rearranged. The

accompanying method claims present elements of the
various steps in a sample order, and are not meant to be
limited to the specific order or hierarchy presented unless
specifically recited therein.
[0111] The previous description is provided to enable
any person skilled in the art to practice the various as-
pects described herein. Various modifications to these
aspects will be readily apparent to those skilled in the art,
and the generic principles defined herein may be applied
to other aspects. Thus, the claims are not intended to be
limited to the aspects shown herein, but is to be accorded
the full scope consistent with the language of the claims,
wherein reference to an element in the singular is not
intended to mean "one and only one" unless specifically
so stated, but rather "one or more." Unless specifically
stated otherwise, the term "some" refers to one or more.
A phrase referring to "at least one of" a list of items refers
to any combination of those items, including single mem-
bers. As an example, "at least one of: a, b, or c" is intended
to cover: a; b; c; a and b; a and c; b and c; and a, b and
c. All structural and functional equivalents to the elements
of the various aspects described throughout this disclo-
sure that are known or later come to be known to those
of ordinary skill in the art are expressly incorporated here-
in by reference and are intended to be encompassed by
the claims. Moreover, nothing disclosed herein is intend-
ed to be dedicated to the public regardless of whether
such disclosure is explicitly recited in the claims. No claim
element is to be construed under the provisions of 35
U.S.C. §112, sixth paragraph, unless the element is ex-
pressly recited using the phrase "means for" or, in the
case of a method claim, the element is recited using the
phrase "step for."

Embodiments

[0112] Preferably, a method of formatting compressed
data packets for wireless communication between a user
equipment (UE) and a serving node, comprising:

identifying a first data string within a data packet that
was previously stored at a first memory location in a
compressor memory;
generating a first pointer that references the first
memory location in the compressor memory; and
creating a compressed data packet by replacing the
first data string with the first pointer, and including
an indicator corresponding to a number of pointers
in the data packet.

[0113] Preferably, wherein the indicator is located at a
beginning of the compressed data packet, and wherein
the indicator identifies that the first pointer is a data ref-
erence.
[0114] Preferably, further comprising identifying a sec-
ond data string within the data packet that does not have
a match in the compressor memory, wherein the com-
pressed data packet comprises a copy of the second

29 30 



EP 3 293 939 A1

17

5

10

15

20

25

30

35

40

45

50

55

data string.
[0115] Preferably, wherein the indicator identifies that
the first pointer is a data reference and that the second
data string is literal data.
[0116] Preferably, wherein the creating comprises:

including the first pointer after the indicator located
at the beginning of the compressed data packet; and
including the second data string after the first pointer
in the compressed data packet.

[0117] Preferably, wherein the first pointer further com-
prises:

a position set of bits corresponding to a position of
the first data string when the compressed data pack-
et is decompressed;
a location set of bits corresponding to the first mem-
ory location in the compressor memory where the
first data string was previously stored; and
a length set of bits corresponding to a number of
bytes to be retrieved from the first memory location
in the compressor memory.

[0118] Preferably, wherein the position set of bits is
positioned after the indicator located at the beginning of
the compressed data packet and adjacent to the location
set of bits, and wherein the location set of bits is posi-
tioned prior to and adjacent to the length set of bits.
[0119] Preferably, further comprising:

identifying additional data strings within the data
packet that were previously stored at additional
memory locations in the compressor memory;
generating an additional pointer for each of the ad-
ditional data strings that references a corresponding
additional memory location in the compressor mem-
ory;
replacing the additional data strings with the addi-
tional pointers in the compressed data packet; and
updating the indicator to account for the additional
pointers.

[0120] Preferably an apparatus for formatting com-
pressed data packets for wireless communication be-
tween a user equipment (UE) and a serving node, com-
prising:

means for identifying a first data string within a data
packet that was previously stored at a first memory
location in a compressor memory;
means for generating a first pointer that references
the first memory location in the compressor memory;
and
means for creating a compressed data packet by
replacing the first data string with the first pointer,
and including an indicator corresponding to a
number of pointers in the data packet.

[0121] Preferably an apparatus for formatting com-
pressed data packets for wireless communication be-
tween a user equipment (UE) and a serving node, com-
prising:

a compressor component configured to identify a first
data string within a data packet that was previously
stored at a first memory location in a compressor
memory;
a formatting component configured to generate a first
pointer that references the first memory location in
the compressor memory; and
wherein the compressor component is further con-
figured to create a compressed data packet by re-
placing the first data string with the first pointer, and
including an indicator corresponding to a number of
pointers in the data packet.

[0122] Preferably, wherein the indicator is located at a
beginning of the compressed data packet, and wherein
the indicator identifies that the first pointer is a data ref-
erence.
[0123] Preferably, wherein the compressor compo-
nent is further configured to identify a second data string
within the data packet that does not have a match in the
compressor memory, wherein the compressed data
packet comprises a copy of the second data string.
[0124] Preferably, wherein the indicator identifies that
the first pointer is a data reference and that the second
data string is literal data.
[0125] Preferably, wherein to create the compressed
data packet the compressor component is further con-
figured to:

include the first pointer after the indicator located at
the beginning of the compressed data packet; and
include the second data string after the first pointer
in the compressed data packet.

[0126] Preferably, wherein the first pointer further com-
prises:

a position set of bits corresponding to a position of
the first data string when the compressed data pack-
et is decompressed;
a location set of bits corresponding to the first mem-
ory location in the compressor memory where the
first data string was previously stored; and
a length set of bits corresponding to a number of
bytes to be retrieved from the first memory location
in the compressor memory.

[0127] Preferably, wherein the position set of bits is
positioned after the indicator located at the beginning of
the compressed data packet and adjacent to the location
set of bits, and wherein the location set of bits is posi-
tioned prior to and adjacent to the length set of bits.
[0128] Preferably, wherein the compressor compo-
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nent is further configured to:

identify additional data strings within the data packet
that were previously stored at additional memory lo-
cations in the compressor memory;
generate an additional pointer for each of the addi-
tional data strings that references a corresponding
additional memory location in the compressor mem-
ory;
replace the additional data strings with the additional
pointers in the compressed data packet; and
update the indicator to account for the additional
pointers.

[0129] Preferably a computer-readable medium stor-
ing computer executable code for formatting compressed
data packets for wireless communication between a user
equipment (UE) and a serving node, comprising:

code for identifying a first data string within a data
packet that was previously stored at a first memory
location in a compressor memory;
code for generating a first pointer that references the
first memory location in the compressor memory;
and
code for creating a compressed data packet by re-
placing the first data string with the first pointer, and
including an indicator corresponding to a number of
pointers in the data packet.

Claims

1. An apparatus for formatting compressed data pack-
ets for wireless communication between a user
equipment, UE, and a serving node, comprising:

a compressor component configured to identify
a first data string within a data packet that was
previously stored at a first memory location in a
compressor memory;
a formatting component configured to generate
a first pointer that references the first memory
location in the compressor memory; and
wherein the compressor component is further
configured to create a compressed data packet
by replacing the first data string with the first
pointer, and including an indicator correspond-
ing to a number of pointers in the data packet.

2. The apparatus of claim 1, wherein the indicator is
located at a beginning of the compressed data pack-
et, and wherein the indicator identifies that the first
pointer is a data reference.

3. The apparatus of claim 1, wherein the compressor
component is further configured to identify a second
data string within the data packet that does not have

a match in the compressor memory, wherein the
compressed data packet comprises a copy of the
second data string.

4. The apparatus of claim 3, wherein the indicator iden-
tifies that the first pointer is a data reference and that
the second data string is literal data.

5. The apparatus of claim 3, wherein to create the com-
pressed data packet the compressor component is
further configured to:

include the first pointer after the indicator located
at the beginning of the compressed data packet;
and
include the second data string after the first
pointer in the compressed data packet.

6. The apparatus of claim 1, wherein the first pointer
further comprises:

a position set of bits corresponding to a position
of the first data string when the compressed data
packet is decompressed;
a location set of bits corresponding to the first
memory location in the compressor memory
where the first data string was previously stored;
and
a length set of bits corresponding to a number
of bytes to be retrieved from the first memory
location in the compressor memory.

7. The apparatus of claim 6, wherein the position set
of bits is positioned after the indicator located at the
beginning of the compressed data packet and adja-
cent to the location set of bits, and wherein the loca-
tion set of bits is positioned prior to and adjacent to
the length set of bits.

8. The apparatus of claim 1, wherein the compressor
component is further configured to:

identify additional data strings within the data
packet that were previously stored at additional
memory locations in the compressor memory;
generate an additional pointer for each of the
additional data strings that references a corre-
sponding additional memory location in the com-
pressor memory;
replace the additional data strings with the ad-
ditional pointers in the compressed data packet;
and
update the indicator to account for the additional
pointers.

9. A computer-readable medium storing computer ex-
ecutable code for formatting compressed data pack-
ets for wireless communication between a user
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equipment, UE, and a serving node, comprising:

code for identifying a first data string within a
data packet that was previously stored at a first
memory location in a compressor memory;
code for generating a first pointer that references
the first memory location in the compressor
memory; and
code for creating a compressed data packet by
replacing the first data string with the first point-
er, and including an indicator corresponding to
a number of pointers in the data packet.

35 36 



EP 3 293 939 A1

20



EP 3 293 939 A1

21



EP 3 293 939 A1

22



EP 3 293 939 A1

23



EP 3 293 939 A1

24



EP 3 293 939 A1

25



EP 3 293 939 A1

26



EP 3 293 939 A1

27



EP 3 293 939 A1

28



EP 3 293 939 A1

29



EP 3 293 939 A1

30



EP 3 293 939 A1

31



EP 3 293 939 A1

32

5

10

15

20

25

30

35

40

45

50

55



EP 3 293 939 A1

33

5

10

15

20

25

30

35

40

45

50

55



EP 3 293 939 A1

34

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• US 31246814 A [0001] • US 61873151 A [0001]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

